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Description 



SCALABLE TERMINATION 

Background of Invention 
[0001] FIELD OF THE INVENTION 

[0002] The present invention relates generally to Integrated cir- 
cuits, and more particularly to methods and apparatus for 
programmable and/or scalable terminations within inte- 
grated circuits. 

[0003] BACKGROUND 

[0004] As the speed of transmission lines included in memory in- 
terfaces and buses increases, impedance "matching" be- 
come increasingly important. The characteristic 
impedance of a transmission line is the ratio of voltage to 
current of a signal moving along the transmission line. By 
terminating the transmission line with a load (e.g., an 
impedance) equal to the characteristic impedance of the 
transmission line, a signal pulse applied to the transmis- 
sion line is transferred to the load without reflection. The 
benefits of impedance matching, such as reduced signal 



reflection and signal loss during signal transmission, are 
well known to one of skill in the art and is not be de- 
scribed further herein. 

[0005] FIG. 1 is a diagram of a conventional programmable ter- 
mination circuit 100. The programmable termination cir- 
cuit 100 includes an impedance evaluation control circuit 
102 coupled to a resistive element 104. The resistive ele- 
ment 104 is coupled to a port 106 included in a memory 
system (not shown). The port 106 may correspond to a 
transmission line included in a bus for the memory sys- 
tem, or a memory interface, for example. 

[0006] 7he resistive element 104 includes an upper portion 108 
of circuitry including a plurality of p-channel metal-oxide 
semiconductor field-effect transistors (PFETs) P0-P7 con- 
nected in parallel between a high voltage level (e.g., V^^^) 
and the port 106. The PFET PO is a default device that is 
always on and determines (along with NFET NO) the maxi- 
mum impedance that may be created by the resistive ele- 
ment 104. The PFETs P1-P7 are arranged in size order 
such that PFET PI is the narrowest transistor and PFET P7 
is the widest transistor. 

[0007] The resistive element 104 includes a lower portion 110 of 
circuitry including a plurality of n-channel metal-oxide 



semiconductor field-effect transistors (NFETs) N0-N7 
connected in parallel between the port 106 and ground. 
The NFET NO is a default device that is always on and de- 
termines (along with PFET PO) the maximum impedance 
that may be created by the resistive element 104. The 
NFETs N1-N7 are arranged in size order such that NFET 
Nl is the narrowest transistor and NFET N7 is the widest 
transistor. 

[0008] The upper portion 108 of circuitry is connected in series 
with the lower portion 110 of circuitry to create a voltage 
divider that provides a termination for a signal output 
from circuitry that employs the programmable termination 
circuit 100. The terminated impedance is created by the 
resistive element 104, on the port 106. Each PFET, NFET 
combination (e.g., PO-NO, Pl-Nl, P2-N2, etc.) is referred 
to herein as a stacked transistor pair. However, it should 
be understood that each of the transistors PFETs P1-P7 
and NFETs N1-N7 may operate independently. 

[0009] The impedance evaluation control logic 102 outputs a 

fixed set of control or binary termination signals (e.g., bi- 
nary counts) pl-p7 and nl-n7 to the PFETs P1-P7 and 
NFETs N1-N7, respectively, for selectively activating or 
de-activating the transistors (thereby creating a resistive 



element 104 of a fixed impedance (e.g., once pro- 
grammed via tlie impedance evaluation control logic 102 
described below with reference to FIG. 2), which is used 
for outputting a signal on the port 106). In one embodi- 
ment, the most significant bit of a binary count is pro- 
vided to the widest transistor, and the least significant bit 
is provided to the narrowest transistor. As stated, because 
the default devices PO, NO are always on, the default de- 
vices PO, NO sets the maximum impedance value of the 
resistive element 104. 

[0010] FIG. 2 is a diagram of the conventional impedance evalua- 
tion control circuit 102 of FIG. 1. The impedance evalua- 
tion control circuit 102 may include control logic 202 
coupled to a plurality 204 of PFETs 204a-h connected in 
parallel between a high voltage level (e.g., V^^^) and a 
port 206 (e.g., a chip pad) included, for example, in a 
memory system (not shown). The PFETs 204a-h may be 
arranged in size order in a manner similar to the PFETs 
P1-P7 included in the upper portion 108 of the resistive 
element 104 of FIG. 1. 

[001 1] The control logic 202 may be coupled to the port 206 via 
a feedback line 208. A resistor 210 (e.g., an external re- 
sistor connected to a system board) is coupled between 



the port 206 and ground. Consequently, the impedance 
evaluation control circuit 102 acts as a voltage divider. 
[0012] The control logic 202 outputs bits of a binary count signal 
(e.g., signals pl-p7) to the plurality 204 of PFETs 204a-h, 
respectively, and in response thereto receives a value in- 
dicating the voltage at the port 206 via the feedback line 
208. In one embodiment, the most significant bit of the 
binary count signal is provided to the widest transistor, 
and the least significant bit is provided to the narrowest 
transistor. The control logic 202 compares the voltage at 
the port 206 with a reference voltage (e.g., a desired value 
such as V 12) included in the control logic 206 and 

DDQ ^ 

outputs a different binary count signal until the voltage at 
port 206 matches the reference voltage (e.g., ^^^q/^)- 
Once the voltage at port 206 matches the reference volt- 
age, the impedance evaluation control circuit 102 fixes 
and outputs the binary count (e.g., control signals pl-p7) 
used for creating the voltage at port 206 to the PFETs 
P1-P7 of FIG. 1. Although not shown in FIG. 2, the 
impedance evaluation control circuit 102 may create con- 
trol signals nl-n7 in a similar manner and provide the 
same to the NFETs N1-N7 of FIG. 1. In this manner, the 
impedance evaluation control circuit 102 generates con- 



trol or binary termination signals pl-p7, nl-n7 used for 
creating a resistive element 104 (e.g., terminator) of a 
fixed impedance (e.g., the characteristic impedance) 
based on the value of the external resistor 210. Thus, the 
conventional impedance evaluation control circuit 102 de- 
termines a characteristic impedance of a port by generat- 
ing a plurality of binary termination signals. 
[0013] Different applications and different types of signals corre- 
sponding to an application, such as data, address, and/or 
clock signals, may require different termination values for 
optimal transmission. Although a different programmable 
termination circuit 100 may be used for creating the re- 
quired termination value for each different port of an ap- 
plication (e.g., a memory system) such a solution requires 

the above circuitry for each port. 
Summary of Invention 

[0014] Jo overcome the disadvantages of the prior art, in one or 
more aspects of the present invention, methods and ap- 
paratus for scalable terminations within integrated circuits 
are provided. For example, in a first aspect of the inven- 
tion, a first method is provided for providing multiple ter- 
mination values using a plurality of binary termination 
signals. The first method includes the steps of (1) deter- 



mining a cliaracteristic impedance of a first port by gener- 
ating a plurality of binary termination signals; and (2) 
modifying a characteristic impedance of a second port by 
manipulating one or more of the plurality of binary termi- 
nation signals. 

[0015] In a second aspect of the invention, a second method is 

provided for providing multiple termination values using a 
set of control signals. The second method includes the 
steps of (1) employing the set of control signals to provide 
a fixed output impedance on a first port; and (2) employ- 
ing the set of control signals to provide a variable output 
impedance on a second port. Numerous other aspects are 
provided, as are systems and apparatus in accordance 
with these and other aspects of the invention. 

[0016] Other features and aspects of the present invention will 

become more fully apparent from the following detailed 

description, the appended claims and the accompanying 

drawings. 
Brief Description of Drawings 

[0017] FIG. 1 is a diagram of a conventional programmable ter- 
mination circuit. 

[0018] FIG. 2 is a diagram of the conventional impedance evalua- 
tion control circuit of FIG. 1. 



[0019] FIG. 3 is a block diagram of a first exemplary scalable ter- 
mination circuit provided in accordance with the present 
invention. 

[0020] FIG. 4 is a block diagram of a second scalable termination 
circuit for providing a fixed termination value on a first 
port and a variable termination value on a second port us- 
ing a single set of control signals In accordance with an 
embodiment of the present invention. 

[0021] FIG. 5 is a block diagram of a third scalable termination 
circuit for providing a variable impedance on a port of a 
memory system in accordance with the present invention. 

[0022] FIGS. 6A and 6B are a block diagram of a fourth exemplary 
scalable termination circuit for providing a fixed termina- 
tion value on a first port and a variable termination value 
on a second port using a single set of control signals In 
accordance with an embodiment of the present Invention. 

[0023] FIG. 7 Is a block diagram of a fifth exemplary scalable ter- 
mination circuit for providing a fixed termination value on 
a first port and a variable termination value on a second 
port using a single set of control signals in accordance 

with an embodiment of the present invention. 
Detailed Description 

[0024] FIG. 3 is a block diagram of a first exemplary scalable ter- 



mination circuit 301 provided in accordance with tlie 
present invention. Tlie scalable termination circuit 301 
provides a variable termination on a transmission line 
coupled to a port 302. The scalable termination circuit 
301 includes scalable termination logic 300 having a re- 
sistive element 304 coupled to the port 302 of a memory 
system, transistor enable logic 306 and the conventional 
impedance evaluation control circuit 102. The resistive el- 
ement 304 and the transistor enable logic 306 may be 
coupled to and receive control signals pl-p7, nl-n7 from 
the conventional impedance evaluation control circuit 
102. When a logic enable signal, ENABLE, is not asserted 
via an input 308 of the transistor enable logic 306, the 
scalable termination logic 300 provides a first termination 
value on the port 302. Alternatively, when the logic enable 
signal, ENABLE, is asserted, the scalable termination logic 
300 provides or outputs a second termination value on 
the port 302. 

[0025] In one embodiment, the resistive element 304 may In- 
clude a plurality of transistors similar to the transistors 
(e.g., PI, P2, Nl, N2, etc.) of resistive element 104 shown 
in FIG. 1. However, for each transistor (e.g., PI) included 
in the resistive element 104, the resistive element 304 in- 



eludes a group of transistors (e.g., PIA-PIB-PIC-PID), 
referred to as a fingered transistor set, connected in par- 
allel. The width of each transistor included in the fingered 
transistor set is the width of the transistor (e.g., PI) 
shown in FIG. 1 to which the fingered transistor set (e.g., 
PlA-PlB-PlC-PlD) corresponds reduced by a factor 
based on the number of transistors in the fingered tran- 
sistor set. For example, the group of PFETs 
PlA-PlB-PlC-PlD shown in FIG. 3 corresponds to the 
transistor PI shown in FIG. 1. Each of the PFETs PIA-PID 
is 34the width of transistor PI. Likewise, the group of 
NFETs NIA-NIB-NIC-NID shown in FIG. 3 corresponds 
to the transistor Nl shown in FIG. 1; and each of the 
NFETs NIA-NID is ]4the width of transistor Nl. 

[0026] The group of PFETs PlA-PlD may be connected in series 
with the group of NFETs NlA-NlD as shown. Conse- 
quently, the programmable termination circuit 300 in- 
cludes a stacked fingered transistor pair 
PIA-PID/NIA-NID, which include a plurality of stacked 
transistor pairs (e.g., PIA-NIA, PIB-NIB, PlC-NlC, 
PID-NID), corresponding to the stacked transistor pair 
Pl-Nl shown in FIG. 1. 

[0027] Although the resistive element 304 only illustrates one 



stacked fingered transistor pair PIA-PID/NIA-NID that 
corresponds to tlie stacl<ed transistor pair Pl-Nl included 
in the resistive element 104 of FIG. 1, it should be under- 
stood that in practice the resistive element 304 includes a 
stacked fingered transistor pair that corresponds to each 
of the remaining stacked transistor pairs (e.g., P2-N2, 
P3-N3, P4-N4, P5-N5, P6-N6, and P7-N7) shown in FIG. 
1. Although not illustrated, the resistive element 304 may 
include a stacked fingered transistor pair that corresponds 
to the default stacked transistor pair (e.g., PO-NO) shown 
in FIG. 1. 

[0028] 7he signals (e.g., modified or manipulated control signals) 
output by the transistor enable logic 306 may be coupled 
to and selectively activate or de-activate one or more 
stacked transistor pairs (e.g., PID-NID) in each stacked 
fingered transistor pair (e.g., PlA-PlD/NlA-NlD). For 
example, if the logic enable signal, ENABLE, is not as- 
serted, the scalable termination logic 300 outputs a first 
termination value (e.g., the characteristic impedance of 
the transmission line coupled to the port 302 with tran- 
sistors PlD-NlD on). Alternatively, if the transistor enable 
logic, enable signal, ENABLE, is asserted, the scalable ter- 
mination logic 300 outputs a second termination value 



that is a scaled value of the first termination value (as the 
stacked transistor pair PID-NID are off). 
[0029] The numerator of the scaling factor provided by the scal- 
able termination logic 300 is the number of stacked tran- 
sistor pairs included in each stacked fingered transistor 
pair when the enable signal is of a first logic state. The 
denominator of the scaling factor is the number of 
stacked transistor pairs that are activated in each stacked 
fingered transistor pair, which includes stacked transistor 
pairs that are activated by the control signals provided by 
the impedance evaluation control circuit 102 when the 
enable signal is of a second logic state. Therefore, the ex- 
emplary scalable termination logic 300 shown in FIG. 3 
may scale or adjust the first termination value by 4/3 
when the logic 306 enable signal, ENABLE, is asserted. 
Through use of the scalable termination logic 300 shown 
in FIG. 3, a variable termination value may be provided on 
a port 302 using control signals provided by transistor 
enable logic 306 and the impedance evaluation control 
circuit 102. 

[0030] FIG. 4 is a block diagram of a second scalable termination 
circuit 401 for providing a fixed termination value on a 
first port and a variable termination value on a second 



port using a single set of control signals in accordance 
with an embodiment of the present methods and appara- 
tus. The second scalable termination circuit 401 includes 
scalable termination logic 400 having a first resistive ele- 
ment 402 coupled to a first port 404 of a memory system 
(not shown) and the conventional impedance evaluation 
control circuit 102. The scalable termination logic 400 in- 
cludes the scalable termination logic 300 shown in FIG. 3 
coupled to a second port 406 of the memory system. The 
conventional impedance evaluation control circuit 102 
may be coupled to and provide signals to the first resis- 
tive element 402 and the resistive element 304 of the 
scalable termination logic 300, which serves as a second 
resistive element in the scalable termination logic 400. 
[0031] The structure of the first resistive element 402 may be 

similar to the structure of the resistive element 104 shown 
in FIG. 1. However, the first resistive element 402 includes 
a fingered transistor set (e.g., a group of transistors con- 
nected in parallel) for each transistor included in the re- 
sistive element 104 shown in FIG. 1. Therefore, the scal- 
able termination logic 400 includes a stacked fingered 
transistor pair PIA-PID/NIA-NID corresponding to the 
stacked transistor pair Pl-Nl of FIG. 1. Although the first 



resistive element 402 shown in FIG. 4 illustrates only one 
stacked fingered transistor pair PIA-PID/NIA-NID, it 
should be understood that the first resistive element 402 
includes a stacked fingered transistor pair for each of the 
remaining stacked transistor pairs included in the resistive 
element 104 shown in FIG. 1. Although not illustrated, the 
first resistive element 402 may include a stacked fingered 
transistor pair that corresponds to the default stacked 
transistor pair (e.g., PO-NO) shown in FIG. 1. Because the 
structure of the scalable termination logic 300 was de- 
scribed in detail above, it is not described again herein. 
[0032] In operation, the scalable termination circuit 401 employs 
a set of control signals for providing a fixed output 
impedance on a first port. More specifically, the first re- 
sistive element 402 of the scalable termination logic 400 
may receive control signals (e.g., binary counts) pl-p7, 
nl-n7 from the conventional impedance evaluation con- 
trol circuit 102 that serve to selectively activate or de- 
activate one or more stacked transistor pairs (e.g., 
PID-NID in each stacked fingered transistor pair (e.g., 
PlA-PlD/NlA-NlD) to create a resistive element of a 
fixed impedance. Because the resistive element 402 is 
coupled to the first port 404, an output impedance (e.g., 



the characteristic impedance) is provided on the first port 
404 based on the set of control signals. The output 
impedance terminates a transmission line coupled to the 
first port 404. 

[0033] A set of control signals may be employed to provide a 

variable output impedance on a second port. The conven- 
tional impedance evaluation circuit 102 may provide the 
same set of control signals pl-p7, nl-n7 provided to the 
first resistive element 402 to the scalable termination 
logic 300. As stated above while describing FIG. 3, the 
control signals pl-p7, nl-n7 along with secondary con- 
trol signals output by the transistor enable logic 306 may 
serve to selectively activate or de-activate one or more 
stacked transistor pairs included in one or more stacked 
fingered transistor pairs (e.g., PIA-PID/NIA-NID of the 
second resistive element 304 to create a resistive element 
304 of a first impedance. However, it should be under- 
stood that these transistors operate (e.g., may be acti- 
vated) independently. If a logic 306 enable signal, ENABLE, 
is asserted, the transistor enable logic 306 may modify or 
manipulate one or more portions of the control signals 
pl-p7, nl-n7 and output modified secondary control sig- 
nals to the resistive element 304. The control signals 



pl-p7, nl-n7 along with the modified secondary control 
signals serve to selectively activate or de-activate one or 
more stacked transistor pairs (e.g., PID-NID) included in 
one or more stacked fingered transistor pairs of the sec- 
ond resistive element 304. In this manner, the resistive el- 
ement 304 may be modified to create another (e.g., a sec- 
ond) impedance. Because the resistive element 304 may 
be modified and is coupled to the second port 406, an 
impedance that may be adjusted (e.g., a variable 
impedance) is provided or output on the second port 406 
based in part on the control signals pl-p7, nl-n7. 

[0034] scalable termination circuit 401 uses resistive ele- 
ments that include stacked fingered transistor pairs to 
provide a fixed termination value on a first port and a 
variable termination value on a second port using a single 
set of control signals. Because only a single set of control 
signals are provided to the scalable termination logic 400, 
only a single impedance evaluation circuit 102 is required. 

[0035] Although using a stacked fingered transistor pair, which 
corresponds to a stacked transistor pair included in the 
resistive element 104, in the resistive elements 304, 402, 
may allow impedance to be varied simply, it may be diffi- 
cult to replace the narrow transistors included in the re- 



sistive element 104 with fingered transistors, because di- 
viding a narrow transistor into four transistors, eacli of 
which are 14 the width, for example, may require the width 
of each transistor included in the fingered transistor to be 
below a design rule minimum required for optimal model 
accuracy and therefore, may be impractical. 
[0036] FIG. 5 is a block diagram of a third scalable termination 

circuit 501 for providing variable impedance on a port of a 
memory system in accordance with the present invention. 
The third scalable termination circuit 501, includes scal- 
able termination logic 500, which is coupled to the 
impedance evaluation control circuit 102, having the re- 
sistive element 104, which includes the upper portion 108 
of circuitry and the lower portion 110 of circuitry, coupled 
to a port 502 of a memory system. The resistive element 
104 was described above and is not described again in 
detail herein. The upper portion 108 of circuitry may be 
coupled to math logic 504, and the lower portion 110 of 
circuitry may be coupled to math logic 506. The math 
logic 504, 506 is coupled to and receives control signals 
pl-p7, nl-n7, respectively, from the conventional 
impedance evaluation circuit 102. The math logic 504, 
506 may receive an input from a line 508 coupled to a 



fuse (not shown) or a register (not shown), such as a pro- 
grammable register, indicating a mathematical operation 
to be performed on the control signals pl-p7, nl-n7. The 
math logic 504, 506 may include combinational and/or 
sequential logic or may be implemented using an applica- 
tion specific integrated circuit (ASIC). 
[0037] jhe scalable termination circuit 501 receives control sig- 
nals pl-p7, nl-n7 from the impedance evaluation circuit 
102 that when applied directly to the resistive element 
104 create an original impedance (e.g., a characteristic 
impedance) on a port 502 to which the resistive element 
104 is connected. The scalable termination logic 500 
modifies or manipulates one or more of the control sig- 
nals pl-p7, nl-n7 using math logic 504, 506, and adjusts 
the value of the impedance on the port 502 using the 
modified control signals. More specifically, the math logic 
504 may receive a portion of the control signals pl-p7 
(e.g., a binary count) output by the impedance evaluation 
circuit 102 and receive a scaling factor (e.g., a factor by 
which to modify the control signals) from a fuse (not 
shown) or register (not shown) via line 508. The math 
logic 504 may perform a multiplication and/or division 
operation on the binary count pl-p7 to modify the control 



signals pl-p7 appropriately such that they (along with 
modified control signals nl-n7) may be used to modify 
the impedance on the port 502 as required by the scaling 
factor. Because the impedance varies in proportion to the 
inverse of the binary count, a 4/3 increase in impedance 
may be achieved by reducing the binary count by for 
example. The math logic 506 modifies the control signals 
nl-n7 in a similar manner. Although FIG. 5 illustrates a 
first math logic 504 that modifies the control signals 
pl-p7 and a second math logic 506 that modifies the 
control signals nl-n7, it should be understood that a sin- 
gle math logic may be used for modifying the control sig- 
nals pl-p7, nl-n7. 
[0038] jhe math logic 504, 506 outputs the modified control 

signals to the resistive element 104. The modified signals 
may serve to selectively activate or de-activate one or 
more stacked transistor pairs (e.g., Pl-Nl and P2-N2) in- 
cluded in the resistive element 104, which modifies the 
structure and therefore the impedance of the resistive el- 
ement 104. Because the resistive element 104 is coupled 
to the port 502, a second impedance, which may be 
scaled or adjusted version of the original impedance, is 
provided or output on the port 502 based on the modified 



control signals. Although using math logic 504, 506 to 
modify control signals pl-p7, nl-n7, which are used for 
creating an original impedance on a port, may provide a 
method of scaling the impedance on the port, because the 
default transistors PC, NO included in the resistive element 
104 do not receive modified control signals, they are un- 
affected by the changes made by the math logic 504, 506. 
Therefore, every transistor included in the resistive ele- 
ment 104 does not receive an adjustment based on the 
scaling factor. Consequently, the modified impedance 
output on the port 502 does not accurately reflect the 
original impedance (e.g., characteristic impedance) modi- 
fied (e.g., multiplied or divided) by the scaling factor. 
[0039] FIGS. 6A and 6B are a block diagram of a fourth exemplary 
scalable termination circuit 601 for providing a fixed ter- 
mination value on a first port and a variable termination 
value on a second port using a single set of control sig- 
nals in accordance with an embodiment of the present in- 
vention. Therefore, the scalable termination logic 600 only 
requires a single impedance evaluation circuit. The fourth 
scalable termination circuit 601 includes scalable termi- 
nation logic 600, which is coupled to the conventional 
impedance evaluation control circuit 102, having a first 



resistive element 104 (e.g., the programmable termination 
circuit 104 shown in FIG. 1) coupled to a first port 602. 
The scalable termination logic 600 may include a second 
resistive element 104 (e.g., the resistive element 104, in- 
cluded in the scalable termination logic 500 shown in FIG. 
5) coupled to a second port 604. Because both the pro- 
grammable termination circuit 104 and the scalable ter- 
mination logic 500 were described above, they are not de- 
scribed again in detail herein. The scalable termination 
circuit 104 and the scalable termination logic 500 may be 
coupled to and receive control signals pl-p7, nl-n7 from 
the impedance evaluation circuit 102. 
[0040] In operation, the scalable termination circuit 601 employs 
a set of control signals for providing a fixed output 
impedance on a first port 602. More specifically, the first 
resistive element 104 of the scalable termination circuit 
601 may receive control signals (e.g., a binary count) 
pl-p7, nl-n7 from the Impedance evaluation control cir- 
cuit 102 that serve to selectively activate or de-activate 
one or more stacked transistor pairs (e.g., Pl-Nl, P2-N2, 
and P3-N3) for creating a resistive element 104 of a fixed 
impedance. Because the resistive element 104 is coupled 
to the first port 602, an output impedance (e.g., the char- 



acteristic impedance) is provided on tine first port 602 
based on tlie control signals pl-p7, nl-n7. 

[0041] The same set of control signals may be employed to pro- 
vide a variable output impedance on the second port 604. 
More specifically, the impedance evaluation circuit 102 
may provide control signals pl-p7, nl-n7 to the scalable 
termination logic 500. As stated above while discussing 
the scalable termination circuit 500, math logic 504, 506 
may receive and modify or manipulate the control signals 
pl-p7, nl-n7, respectively, and output the modified con- 
trol signals to the second resistive element (e.g., the re- 
sistive element 104 included in the programmable termi- 
nation circuit). As stated above, the math logic 504, 506 
modifies the control signals pl-p7, nl-n7 based on ad- 
justable scaling factors, which may be provided by a fuse 
(not shown) or a register (not shown), such as a pro- 
grammable register, via an input 508. The modified con- 
trol signals may serve to selectively activate or de-activate 
one or more stacked transistor pairs (e.g., Pl-Nl, P2-N2) 
included in the second resistive element to create a resis- 
tive element having an impedance that is a scaled version 
of the impedance created on the first port 602. 

[0042] By modifying the scaling factor provided to the math logic 



504, 506, the math logic 504, 506 may output a different 
set of modified control signals. The different set of modi- 
fied control signals may be used for creating a resistive 
element (e.g., the resistive element 104 included in the 
programmable termination circuit) having a different 
impedance, which is a scaled or adjusted version of the 
impedance created on the first port 602. Because the re- 
sistive element 104 included in the scalable termination 
logic 500 is coupled to the second port 604 and the 
impedance created by the resistive element included in 
the scalable termination logic 500 may be varied, a vari- 
able impedance is provided or output on the second port 
604 based on the control signals pl-p7, nl-nl. 

[0043] jhe scalable termination logic 600 uses resistive elements 
coupled to math logic for providing a fixed termination 
value on a first port and a variable termination value on a 
second port using a single set of control signals. Because 
only a single set of control signals are provided to the 
scalable termination logic 600, only a single impedance 
evaluation circuit is required. 

[0044] Although using math logic 504, 506 for modifying control 
signals, which are used to create an impedance on a port, 
may provide a method of scaling an impedance on the 



same or another port, because the default transistors PO, 
NO included in the resistive element 104 and the resistive 
element included in the scalable termination circuit 500 
do not receive modified control signals they are unaf- 
fected by the changes made by the math logic 504, 506. 
Therefore, every transistor included in the resistive ele- 
ments does not receive an adjustment based on the scal- 
ing factor. Consequently, the modified impedance output 
on the port 602, 604 does not accurately reflect the char- 
acteristic impedance modified (e.g., multiplied or divided) 
by the scaling factor. 
[0045] FIG. 7 is a block diagram of a fifth exemplary scalable ter- 
mination circuit for providing a fixed termination value on 
a first port and a variable termination value on a second 
port using a single set of control signals in accordance 
with an embodiment of the present invention. The scal- 
able termination circuit 701 includes scalable termination 
logic 700, which is coupled to the impedance evaluation 
control circuit 102, having a first resistive element 702 
coupled to a first port 704 and a second resistive element 
706 coupled to a second port 708. The first resistive ele- 
ment 702 is coupled to and receives control signals from 
impedance evaluation control logic 102. The second re- 



sistive element 706 is coupled to and receive control sig- 
nals from math logic 714, which is coupled to and re- 
ceives control signals from the impedance evaluation con- 
trol logic 102. The second resistive element 706 may be 
coupled to and receive control signals (e.g., secondary 
control signals) from transistor enable logic 707. The 
transistor enable logic 707 and the math logic 714 may be 
coupled to a logic enable signal, ENABLE, via an input 308, 
that serves to activate the transistor enable logic 707 and 
math logic 714. The math logic 714 may be coupled to a 
fuse (not shown) or a register (not shown), such as a pro- 
grammable register, via an input 508, that indicates a 
scaling factor (e.g., a factor by which to modify the control 
signals). 

[0046] The structure of the first resistive element 702 is similar 
to the structure resistive element 104 included in the pro- 
grammable termination circuit 100 of FIG. 1. In contrast to 
the resistive element 104, each default transistor of the 
first resistive element 702 is a fingered transistor set. For 
example, the default PFET includes transistors POA, POB, 
POC, and POD connected in parallel to form a fingered 
transistor set. Each of the transistors POA, POB, POC, POD 
included in the default PFET are connected to ground such 



that the default fingered PFET set is always on. Similarly, 
the default NFET includes transistors NOA, NOB, NOC, and 
NOD connected in parallel to form a fingered transistor 
set. Each of the transistors NOA, NOB, NOC, NOD included 
in the default NFET are connected to a high voltage level 
(e.g., a logic "1") such that the default fingered NFET is al- 
ways on. A PFET from the default fingered transistor set 
POA-POD may be coupled to a corresponding NFET from 
the default fingered transistor set NOA-NOD to create a 
plurality of stacked transistor pairs (e.g., POA-NOA, 
POB-NOB) and thereby creating a stacked fingered transis- 
tor pair (e.g., POA-POD/NOA-NOD) 710. 
[0047] 7he structure of the second resistive element 706 is simi- 
lar to the first resistive element 702. In contrast to the 
first resistive element 702, one or more stacked transistor 
pairs (e.g., POD-NOD) included in the default stacked fin- 
gered transistor pair 712 (e.g., POA-POD/NOA-NOD), may 
be coupled to the logic enable signal, ENABLE, and an 
output of transistor enable logic 707, respectively. Re- 
maining transistors 718 (e.g., P1-P7, N1-N7) included in 
the second resistive element 706 may be coupled to an 
output of the math logic 714. A PFET from the remaining 
transistors 718 may be coupled to a corresponding NFET 



in the remaining transistors 718 to create a plurality of 
stacked transistor pairs (e.g., Pl-Nl, P2-N2, etc.). 

[0048] In operation, the scalable termination circuit 701 employs 
a set of control signals pl-p7, nl-n7 for providing a fixed 
output impedance on a first port 704. More specifically, 
the default stacked fingered transistor pair 710 is always 
on and is connected in parallel to the remaining transis- 
tors 716 (e.g., stacked transistor pairs Pl-Nl to P7-N7) 
included in the first resistive element 702. The remaining 
transistors 716 included in the first resistive element 702 
of the scalable termination circuit 700 may receive control 
signals (e.g., binary counts) pl-p7, nl-n7 from the 
impedance evaluation control circuit 102 that serve to se- 
lectively activate or de-activate one or more of the 
stacked transistors (e.g., Pl-Nl to P7-N7) to create a re- 
sistive element 702 of a fixed impedance. Because the re- 
sistive element 702 is coupled to the first port 704, an 
output impedance (e.g., the characteristic impedance) is 
provided on the first port 704 based on the control sig- 
nals pl-p7, nl-n7. 

[0049] The same set of control signals may be employed for pro- 
viding a variable impedance on the second port 708. More 
specifically, the impedance evaluation control circuit 102 



may provide the same control signals pl-p7, nl-n7 pro- 
vided to the first resistive element 702 to the math logic 
714. When the logic 707 enable signal, ENABLE, coupled 
to the math logic 714 is asserted, the math logic 714 
modifies or manipulates the control signals pl-p7, nl-n7 
output by the impedance evaluation control circuit 102 as 
indicated by an adjustable scaling factor provided to the 
math logic 714 (e.g., via the input 508). In one embodi- 
ment, the math logic 714 may perform a multiplication 
and/or division operation on the control signals pl-p7, 
nl-n7 (e.g., the binary counts) as required by the scaling 
factor. The math logic 714 outputs modified control sig- 
nals, which may be used to selectively activate or de- 
activate one or more stacked transistor pairs (e.g., Pl-Nl, 
P2-N2) included in the remaining transistors 718 of the 
second resistive element 706, to create a resistive element 
using the remaining transistor 718 having an impedance 
that is a scaled version of the impedance created by the 
remaining transistors 716 of the first resistive element 
702. 

[0050] By modifying the scaling factor provided to the math logic 
714, the math logic 714 may output a different set of 
modified control signals to the remaining transistors 718 



included in tlie second resistive element 706. The differ- 
ent set of modified control signals may be used to create 
a resistive element (using the remaining transistors 718) 
having a different impedance, which is the impedance 
created by the remaining transistors 716 of the first resis- 
tive element 702 modified (e.g., multiplied or divided) by 
the scaling factor. 

[0051] When the logic enable signal, ENABLE, coupled to the 

math logic 714 is not asserted the remaining transistors 
718 included in the second resistive element 706 may re- 
ceive an unmodified version the control signals pl-p7, 
nl-n7 from the math logic 714 that serve to selectively 
activate or de-activate one or more of the stacked transis- 
tor pairs in the remaining transistors 718 to create a re- 
sistive element using the remaining transistors 718 hav- 
ing the same impedance created by the remaining transis- 
tors 716 of the first resistive element 702. 

[0052] jhe transistor enable logic 707 may receive a secondary 
control signal (e.g., ENABLE). When the enable logic 707 
receives the enable signal, ENABLE, the logic 707 may 
modify the secondary control signal, and output control 
signals (e.g., modified secondary control signals) to one 
or more stacked transistor pairs (e.g., POD-NOD) included 



in the default stacked fingered transistor pair 712. For ex- 
ample, the enable logic 707 may receive a secondary con- 
trol signal ENABLE as an input and output modified sec- 
ondary control signals ENABLE and not ENABLE to the 
transistors included in the stacked transistor pair 
POD-NOD, respectively. The modified secondary control 
signals may serve to selectively activate or de-activate one 
or more stacked transistors (e.g., POD-NOD) included in 
the default stacked fingered transistor pair 712. The 
structure of the default stacked fingered transistor pair 
712 is changed from that of the default stacked fingered 
transistor pair 710, and therefore the impedance of the 
default stacked fingered transistor pair 712 may be the 
impedance of the default stacked fingered transistor pair 
710 modified by a scaling factor. 
[0053] In one embodiment, the numerator of the scaling factor 
provided by the enable logic 707 may be the number of 
stacked transistor pairs (e.g., POA-NOA) included in the 
default stacked fingered transistor pair 712 when the EN- 
ABLE signal is low and the denominator of the scaling fac- 
tor provided by the enable logic 707 may be the number 
of stacked transistor pairs (e.g., POA-NOA) that are acti- 
vated in the default stacked fingered transistor pair 712 



when the ENABLE signal is high. In the exemplary scalable 
termination logic 700, the enable logic 707 may de- 
activate the stacked transistor pair POD-NOD and there- 
fore, scale the impedance of the default stacked fingered 
transistor pair 712 by 4/3 when ENABLE is asserted. 
[0054] When the enable logic 707 is not enabled by the logic en- 
able signal, ENABLE, the default stacked fingered transis- 
tor pair 712 may receive a second version of the modified 
secondary control signals from the enable logic 707 that 
serves to selectively activate or de-activate one or more of 
the stacked transistor pairs (e.g., stacked POD-NOD to 
create a default stacked fingered transistor pair 712 hav- 
ing the same impedance as the default stacked fingered 
transistor pair 710 included in the first resistive element 
702. 

[0055] The math logic 714 and the enable logic 707 are activated 
by the same enable signal, ENABLE. Therefore, the math 
logic 714 may modify or adjust the impedance of the re- 
maining transistors (e.g., stacked transistor pairs Pl-Nl 
to P7-N7) 718 included in the second resistive element 
706 while the transistor enable logic 707 modifies or ad- 
justs the impedance of the default stacked fingered tran- 
sistor pair 712 included in the second resistive element 



706. Because the default stacked fingered transistor pair 
712 is connected in parallel to the remaining transistors 
718, the value of the scaled impedance provided or out- 
put on the second port 708 by the second resistive ele- 
ment 706 may be easily determined by one of skill in the 
art. In one embodiment, the math logic 714 modifies the 
impedance of the remaining transistors 718 by the same 
scaling factor that the enable logic 707 modifies the 
impedance of the default stacked fingered transistor pair 
712. Therefore, the impedance created on the second port 
708 is the impedance created on the first port 704 modi- 
fied (e.g., multiplied or divided) by the scaling factor. 
[0056] 7he scalable termination logic 700 may use the first resis- 
tive element 702 to provide a fixed termination value on a 
first port 704, and a resistive element (e.g., the remaining 
transistors 718) coupled to math logic 714 and resistive 
element (e.g., the default stacked fingered transistor pair 
712) coupled to enable logic 707 to provide a variable 
termination value on a second port 708 using a single set 
of control signals pl-p7, nl-n7. The default stacked fin- 
gered transistor pair 712 may be used for providing a 
scalable maximum termination value on the second port 
708. The remaining transistors 718 may be used for pro- 



viding a scaled impedance which, when combined with the 
maximum impedance, serves to reduce the maximum 
impedance by a certain amount. Because only a single set 
of control signals pl-p7, nl-n7 are provided to the scal- 
able termination circuit 701, only a single impedance 
evaluation control circuit 102 is required. 

[0057] As stated, the scalable termination circuit 701 may scale 
the impedance provided by the default stacked fingered 
transistor pair 712 included in the second resistive ele- 
ment 706 and may scale the impedance provided by the 
remaining transistors (e.g., stacl<ed transistor pairs Pl-Nl 
to P7-N7) 718 included in the second resistive element 
706 using a same scaling factor. Therefore, the scalable 
termination circuit 700 may provide a characteristic 
impedance on a second port 708 that accurately reflects 
the characteristic impedance on a first port 704 modified 
(e.g., multiplied or divided) by the scaling factor. 

[0058] As stated above, the first and second resistive elements 
702, 706 include default fingered transistors (e.g., 
POA-POD, NOA-NOD), respectively, that each correspond 
to the default transistors PO, NO included in the resistive 
element 104 of the programmable termination circuit 100. 
Because the default transistors included in the pro- 



grammable termination circuit 100 are large (e.g., wide), 
the default transistors PO, NO may be divided into a plu- 
rality separate transistors, each of which is 1/N the width 
of the default transistors PO, NO, where N is the number of 
transistors included in the plurality, and included in the 
scalable termination circuit 700 without approaching the 
design rule minimum required for optimal model accu- 
racy. 

[0059] The foregoing description discloses only the exemplary 
embodiments of the invention. Modifications of the 
above-disclosed embodiments of the present invention 
which fall within the scope of the invention will be readily 
apparent to those of ordinary skill in the art. For instance, 
while the present methods and apparatus disclose the use 
of fingered transistors that include a group of four tran- 
sistors (e.g., POA-POD, NOA-NOD), in other embodiments 
the fingered transistors may include a larger or smaller 
group of transistors. Further, while the present methods 
and apparatus disclose providing control signals to seven 
PFET transistors P1-P7 and seven NFET transistors N1-N7, 
in other embodiments, control signals may be provided to 
a larger or smaller number of transistors included in the 
first and second resistive elements 702, 706. Further, 



while in tlie above embodiments, a single math logic 714 
provides modified control signals to the transistors P1-P7 
and N1-N7 included in the second resistive element 706, 
separate math logic may be employed to provide portions 
of the modified control signals to the transistors P1-P7, 
N1-N7, respectively. Although a first termination logic 
(e.g., the math logic 504, 506) in the above embodiments 
was always enabled, in other embodiments the math logic 
504, 506 may be operatively coupled to and receive an 
enable signal that serves to activate the math logic 504, 
506. Further, the above methods and apparatus may be 
implemented in a memory system. Although in the above 
embodiments, control signals, modified control signals, 
and modified secondary control signals are used to selec- 
tively activate or de-actlvate one or more stacked transis- 
tor pairs Included In a resistive element. In other embodi- 
ments, such signals may be used to selectively activate or 
de-activate one or more individual transistors Included in 
the resistive element. 
[0060] Accordingly, while the present invention has been dis- 
closed in connection with exemplary embodiments 
thereof, it should be understood that other embodiments 
may fall within the spirit and scope of the invention as de- 



fined by the following claims. 



